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Improper scale usage in psychological and clinical assessment is an important problem. If 
respondents do not use the scales in a consistent manner, the reliability of a composite is likely to 
be attenuated. This is particularly problematic when particular items are singled out for special 
treatment or when subscales are of interest, not just a total score. This study used both non-
parametric and parametric item response theory (IRT) methods to gain further insight into the 
validity of the PHQ-9, a dual purpose instrument that assesses the severity of depressive 
symptoms using nine Likert-scale items and allows the investigator to establish provisional 
diagnoses of depressive disorders. The data was collected by Bianchi et al. (2015) across three 
separate cross-cultural samples of teachers. The analysis indicated that scale monotonicity was 
preserved, violations to ordinality occurred among a subset of items resulting in inconsistent 
scale usage within the different samples, and that language differences in the test administration 
primarily accounted for the differences in scale usage. 
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Improper scale usage in clinical assessment is an important problem, particularly as it 
applies to patient-reported outcomes (PROs). This problem is exacerbated by the increase use of 
PROs in clinical assessments. Although the prevalence has not been documented across all 
disciplines, studies conducted in both clinical and non-clinical settings and across various fields 
have noted the increase usage of PROs (Dobrozsi & Panepinto, 2015). This increase can be 
attributed to an acknowledgement that clinicians have the tendency to understate the severity of 
patients’ symptoms (Heneghan, Goldacre, & Mahtani, 2017) and to the growing availability of 
PROs through such endeavors as PROMIS, an NIH initiative that makes available to clinicians a 
test bank of items developed to measure PROs (Cella et al., 2007).  
The growing use of PROs underscores the need to have them be valid and reliable 
measures. If respondents do not use the scales in a consistent manner, the reliability of a 
composite is likely to be attenuated. This is particularly problematic when individual items are 
singled out for special treatment or when subscales are of interest, not just a total score. Item 
response theory (IRT) analyses can contribute to the validity evidence of such scales, beyond the 
tools that are used in a classical test theory (CTT) analysis, by establishing the ordinality of item 
categories as corresponding to a sequential increase along the latent scale.  
Following from the definition of ordinality, I will introduce the term ‘disordinality’, 
defined as an increase along the ordered category levels that does not correspond to a steady 
increase along the latent variable. Disordinality in clinical metrics can affect the interpretation 
of the results and/or introduce redundancies that affect the efficacy of the measure. For instance, 
Long et. al (2014) found the existence of disordinality on a 6-point scale, the PSQ-ESR, that was 







injury (TBI). The results of an IRT analysis demonstrated that participants were not able to 
discern between adjacent categories on the given measure reliably. Due to the cognitive 
difficulties associated with TBI, the authors suggest dealing with a polytomous scale may be too 
effortful for respondents. The presence of disordinality belies the validity of a measure.  
In a traditional sense, the validity of a measure uses theoretical and empirical evidence to 
bolster the inferences made through its use (Messick, 1989). Reliability is subsumed under 
validity, in that a valid measure must yield similar outcomes across similar samples. Thus, the 
validity of a measure must account for those characteristics that are shared among samples, as 
well as those characteristics that are disparate. One such consideration is that of cross-cultural 
differences. A review of the mental health literature by Prince (2008) concluded that there was a 
dearth of studies that made fair cross-culture comparisons in their validation of assessments.      
Although the mental health literature is lacking in this regard, studies conducted in other 
fields, particularly marketing research, suggest that survey validity changes across different 
cultural contexts. In other words, the interpretations of survey scores that are applicable in one 
cultural setting do not necessarily apply in another. As an example, one such study noted that 
Australians’ were more likely to endorse the extremes ends of a scale than Asians in a beverage 
satisfaction survey (Paulhus, 1991). These differences can be accounted for by differences in 
response styles. According to Paulhus (1991, p.17) a response bias is a “systematic tendency to 
respond to a range of questionnaire items on some basis other than the specific item content”. He 
defines a response style as occurring when “an individual displays the bias consistently across 
time and situations”, which can be a threat to cross-cultural comparisons of ratings based on 







styles. Identifying the presence of a response style may be the first step in identifying the type of 
response style that best corresponds to cross-cultural samples.  
An examination of disordinality and response style can add to a measure’s construct 
validity, defined as the degree to which a test measures the underlying construct it is intended to 
measure (Messick, 1989). If item scores and their sum score do not correspond to the actual 
position of the test taker along the latent scale then the inferences made to the larger population 
cannot be relied upon. However, errors in the relational correspondence between the latent scale 
of the measure and respondents’ position can be identified, and to some degree corrected, by IRT 
models.  
In keeping with this, data gathered across three different cultural settings using the PHQ-
9, a nine-item depression diagnostic, will be used as an exemplar of the contribution that IRT 
models can make to towards test validity in the study of scale usage and response styles. In the 
remaining parts of the Introduction, I review prior applications of IRT methods in evaluating 
psychometric properties of similar data, discuss the occupational health consequences of 
depression among teachers, which comprise the entire sample, and describe the underlying 
construct of the PHQ-9, depression. Finally, I review the original validation study of the PHQ-9.  
 
1.1 Item Response Theory Applications 
While there are copious studies that use IRT’s graded response model (GRM) in the 
evaluation of large-scale assessments, there is a dearth of studies that approach IRT analyses by 
first using non-parametric IRT models, and then using parametric IRT models. Even fewer 
studies evaluate the psychometric properties of the PHQ-9 using more than one parametric IRT 







scale model (RSM), to evaluate the category ordinality among items (Lamoureux et. al 2009; 
Smith et. al 2009).  To date there does not appear to be any study that examines the relative fits 
of comparable IRT models, particularly non-parametric IRT models and parametric IRT models 
that nest the RSM. In other words, parametric models whose parameters can be constrained to 
arrive at the RSM. A systematic approach of fitting parametric models that have the least 
constrained parameters to those with more constrained parameters allows for the identification of 
the parametric model of relatively best fit. Further, Meijer and Baneke (2004) recommend 
that non-parametric IRT models be used prior to parametric IRT models in a psychometric 
analysis of psychopathology scales. Non-parametric models provide similar insights as their 
parametric counterparts. In addition, they provide insights about where violations to the 
assumptions of parametric models may occur. Meijer and Baneke (2004) illustrate the efficacy of 
this procedure using the depression-content scale of the Minnesota Multiphasic Personality 
Inventory. Although their selection of IRT models differs from the ones that have been used in 
this study, the approach remains the same. 
Of the studies found that used IRT models, violations to category ordinality (i.e. 
disordinality) among the items were found. Among these, some demonstrated that disordinality 
could be corrected by combining adjacent item categories (Zhong et al., 2014; Gelaye et al., 
2013; Williams et al., 2009; Lamoureux et al., 2009). Another point of interest, specific to the 
PHQ-9 in the IRT literature, is the possible differences in item outcomes that may result from the 
administration of the scale in different languages.  Only two studies, Zhong et. al (2014) and 
Gelaye et. al (2013)  examined the psychometric properties of different language versions of the 
PHQ-9, the Spanish-  and Amharic- versions, respectively. The conclusion by Zhong and 







an Amharic-version (Ethopia’s official language) of the PHQ-9 translated from the English by 
Gelaye and colleagues (2013) found that the items had an acceptable fit to the RSM, but did not 
further examine issues of deviations in ordinality.  
 While a few studies examined the psychometric properties of the PHQ-9 utilizing 
participants from less developed countries or of different ethnicities, none of those compared 
cross-cultural differences in psychometric properties using IRT models. One such study by 
Arthurs et. al (2012) administered the French and English PHQ-9 to  French- and English-
speaking Canadians, respectively. They showed that while there were instances of differential 
item functioning (DIF), it did not impact sum scores in a meaningful way.  
 
1.2 Occupational Health Consequences  
Numerous studies have shown that work-related stress contributes to depressive 
disorders. Our sample comprises completely of teachers, a population that has been the focus of 
such studies. Cumulative effects leading to a depressive disorder have been shown to appear in 
teachers as early as their first year, emerging due to factors such as unfavorable work conditions, 
job demands, and the absence of veteran teachers as mentors (Schonfeld & Ruan,1991; 
Schonfeld, 1992). Further, which finding can also be attributed to the above average attrition 
rates in education, as compared to other occupational fields (Abdallah, 2009). According to 
Bianchi et al. (2014), the rates of depressive disorders may actually be higher than reported given 
the stigma attached to diagnoses of depression (i.e., social desirability) and may be conflated 
with the condition of  “burnout”, which does not carry the same stigma. Although burnout is not 
a recognized mental disorder by the DSM-5, and is not as well-defined as that of MDD, the 











Depression, more formally known as Major Depressive Disorder (MDD) in the DSM-5 
(citation), is defined as the presence of either dysphoria (depressed mood) or anhedonia 
(decreased interest or pleasure in most activities) in addition to four other symptoms among a list 
of seven (e.g. weight loss, insomnia/hypersomnia, fatigue, diminished ability to think or 
concentrate, and/or fatigue or loss of energy) during two consecutive weeks, where the 
symptoms cause significant distress in areas of functioning such as social or occupational 
settings. Further, these symptoms cannot be attributable or better explained by another medical 
condition or a psychotic disorder and the individual must not have experienced a 
manic/hypomanic episode. This definition is consistently used as diagnostic criteria for 
depression in commonly used assessments such as the Patient Health Questionnaire (PHQ-9).  
 
1.4 The Validation Process of the PHQ-9 
The nine-item depression module of the Patient Health Questionnaire (PHQ-9) is frequently 
employed as a clinical assessment. The PHQ-9 measures the severity of each of the nine 
symptoms used to diagnose MDD as stipulated by the DSM-5 (APA, 2013). Kroenke et al. 
(2002) summarized results from validity research on the PHQ-9. They found evidence for the 
instrument’s construct validity by examining its relation to functional status (six SF-20 scales, 
disability days, symptom-related difficulty, and health care utilization [i.e., frequency of clinic 







number of physical disorders. Criterion validity was assessed by comparing the results of the 
PHQ-9 to the findings of Medical Health Professional (MHP) interviews. Both validity studies 
provided evidence that the PHQ-9 is a valid measure of depression severity. The authors of the 
study also touted the concise nature of the measure as conducive to a clinical setting (ex. doctor’s 
office) where rapid screening is important.  
 The PHQ-9, however, is not without limitations. Kroenke et al. (2002) noted that “as the 
PHQ-9 is increasingly used as a continuous measure of depression severity, it will be helpful to 
know the probability of a major or subthreshold depressive disorder are various cut points” (p. 
611). Given the arbitrary nature of the scale’s cut points (e.g., 5, 10, 15, and 20), the near 
equivalence in each stepwise five-point increase in depressive severity is suspect. The four 
categorical levels, ‘Not at all’, ‘Several days’, ‘More than half the days’, and ‘Nearly every day’, 
corresponded to scores of 0, 1, 2, and 3, respectively.  Cut points and corresponding diagnostic 
status designation were assigned by virtue of the results of the MHP structured psychiatric 
interview. The authors labeled PHQ scores 10 -14 a ‘gray zone’ because individuals with scores 
in that range were found to have a variety of conditions, including MDD, another depressive 
disorder, or no depressive disorder.  The assortment of diagnoses among individuals within this 
range of indicates a degree of uncertainty in the measure. 
The presence of four categorical levels in the PHQ-9 is a departure from the PRIME-MD 
assessment, the progenitor of the PHQ, which had binary levels (yes/no). The introduction of a 
polytomous outcome, assumed to be ordinal, may produce a problem that the original validation 
study did not account for regarding scale usage. 
It is also worth noting that the following was stated in the original validation study of the 







PHQ-9 severity and measures of construct validity” (Kroenke, 2002, p. 608), further suggesting 
that neither construct validity nor criterion validity could identify the presence of disordinality at 
the total score level. 
 
1.5     RATIONALE AND GOALS 
 The analysis that follows focused on the internal structure of the PHQ-9 scale using both 
parametric and non-parametric IRT models in order to consider important issues such as 
response style and distinctiveness of the categories among respondents. Although the 
conclusions drawn are necessarily indeterminate on validity of the PHQ-9 as an indicator of 
depression, studying category usage and response style is informative to the reliability of the 
measure. An examination of non-parametric IRT, where the strength of the assumptions is less 
strict than its parametric analogs, was used to support the use of the parametric IRT models. The  
analysis that followed allowed us to gain insight into the internal structure of a clinical measure 
outside of what a traditional validity measures offer (Reise & Haviland, 2009) and identify the 
probability of endorsement of item categories as a function of the individual’s ability (i.e., 
location on the latent construct). In other words, an IRT model is considered valid when it 
explains changes of item endorsement in relation to changes in the latent variable and fits the 
data adequately. Ideally, an item is considered to be ‘good’ if the probability of endorsement 
occurs over a wide range on the latent scale (Thomas, 2011). Ordinal IRT analysis, in particular, 
is very helpful in identifying items for which category usage among respondents is not well-
discriminated.  
The primary goal of this study was to examine the internal structure of the PHQ-9 by 







to determine if disordinality in the PHQ-9 exists across these groups and how differences in 
response styles between language groups may affect threshold scores for the levels of depression 
cross-culturally.  
 
2 MATERIAL AND METHODS 
The following sub sections will detail information about the data and the statistical analyses 
that were used on it. 
 
 2.1 Data material 
 The study used teachers’ scores on the PHQ-9 from three separate studies. The first study 
consisted of 1,046 participating teachers, in three different areas of France, during November and 
December of 2015. Conducted in the US, the second study included 1,386 teachers from 18 
different states between October 2013 and April 2014. The third study was of 184 teachers in 
New Zealand and was collected during 2013.  Basic demographics for all three samples are 
presented in Table 1. The US sample was the only that included information on years of 
employment; length of employment was not collected for the France or New Zealand studies. 
There was no missing data for age or sex in any sample. In all three samples, participants had an 
average age within one year of each other, but the range of ages of the US exceeded that of it 
counterparts.  Results of a one-way ANOVA showed that there were significant differences in 
ages between countries, p < 0.05, with post-hoc Bonferroni comparison showing that the US 
sample was significantly older than the French sample. Preliminary analyses indicated that the 
distribution of males and females across different locations is not the same, χ
2
 (2) = 15.32, p < 








approximately five women for every man, whereas it was roughly the same for the US and New 










2.2 Statistical Analysis 
The following subsections will describe the two forms of statistical analyses that were 
used in this study: Non-parametric IRT and the analogous parametric models from IRT. The 
non-parametric IRT forms were limited to identification of monotonicity and Mokken scaling 
analysis (MSA).  
 
2.2.1 Non-parametric IRT Analysis 
Non-parametric IRT analysis was used as a precursor to IRT analysis because it 
encompasses those methods that do not ascribe established statistical models to data as well as 
those models that do not contain parameters that are easily interpretable (i.e. non-parametric 
models). These methods when used in conjunction with their parametric analogs from IRT 




 US France New Zealand 
      n          %  n          % n             % 
Gender                           Male 
                                   Female 
   323      23.3 
1,063      76.7 
177      16.9 
869      83.1 
  42       22.8 
142       77.2 
Age                                      M 
(in years)                           SD 










Years                                  M 
of Employment                  SD 

















primarily comprised of checks for monotonicity such as rest curves, and non-intersections of 
items’ probability functions. Rest curves are obtained by graphing for each item, the difference 
between the total score and the item score for every participant.  MSA incorporates the use of 
rest curves and non-intersection of item probability functions to satisfy the criteria needed to 
construct a Mokken scale.  
 
2.2.1.1 Mokken Scale Analysis (MSA) 
  MSA was used to determine (1) if items distinguished between high and low levels of 
depression and (2) if the ordering of categories was accurate, as it pertained to the New Zealand 
sample. For the US and French sample, MSA was additionally used to bolster the use of the 
parametric IRT models (i.e., nominal model, and graded partial credit model). Given the small 
sample size of the New Zealand data (n = 184), an analysis using parametric IRT models may be 
questionable as compared to a non-parametric IRT model, such as the MSA. According to 
Hambleton and Jones (1993), parametric IRT models are best used on samples that exceed 500 
participants. On the other hand, MSA, a non-parametric IRT model, may not have the same 
strength of generalizability as parametric IRT models. It is a useful precursor to parametric IRT 
(Meijer & Baneke, 2004) for smaller sample sizes. 
 Similar to Rasch models as seen in IRT, MSA uses a probabilistic function to specify the 
relation between the latent value and an item’s category selection for dichotomously scored 
items. However, unlike Rasch models, MSA allows for differences in the discrimination 
parameter (Mokken, 1971), which lends itself to similarities with other parametric IRT models.  
Molenaar (1997) has shown how MSA can be extended to polytomous item scores in large part 








local independence, and monotonicity). In MSA, these assumptions define the monotone 
homogeneity model (Mokken, 1971).  When a further assumption is made, known as 
nonintersection, it defines the double monotonicity (DM) model (Mokken, 1971). For 
polytomous items nonintersection stipulates that the item step response functions (ISRF) do not 
intersect.  Therefore violations in this assumption may be an indication that disordinality will be 
observed in the parametric IRT models.  
 A Mokken scale comprises of items that are ordered on the latent value given the sum 
score of the items. Thus, it is a test for item ordinality that helps substantiates the use of 
parametric IRT models that assume ordinality, such as the GPCM. To understand how a Mokken 
scale is generated, the following must first be defined, 1) item-pair scalability coefficient (𝐻𝑖𝑗) 2) 
item-scalability coefficient (𝐻𝑗), and 3) test scalability coefficient (H).  Formulas corresponding 
to each scalability coefficient are seen below, where i,j are separate items of a given test, 𝑋𝑖, 𝑋𝑗 
are each item’s marginal distributions, 𝑅−𝑗 is item j’s rest scores (the difference between the total 
score and the item score),  𝐶𝑂𝑉(𝑋𝑖, 𝑋𝑗) is the covariance between 𝑋𝑖, 𝑋𝑗, 𝐶𝑂𝑉(𝑋𝑖, 𝑅−𝑗 ) is the 
covariance between 𝑋𝑖, 𝑅−𝑗 , where  𝐶𝑂𝑉(_, _)















 Since 𝐻𝑖𝑗 is a ratio of inter-item correlations to the maximum inter-item correlation it can 
also be used as an indicator of unidimensional. Similarly, 𝐻𝑗 and 𝐻 are good indicators of 
monotonicity because they incorporate rest scores, where 𝐻𝑗 can be interpreted as the 
discrimination parameter would be in a parametric model. Sijtsma and Molenaar (2002) have 
shown the assumptions of the monotone homogeneity model imply that 0 ≤ 𝐻𝑖𝑗 ≤ 1, for all 








shares these assumptions, in addition to an assumption of non-intersecting ISRF.  In keeping 
with the assumptions and implications, Mokken scales are constructed using an algorithm 
(Mokken, 1971) that specifies a positive item scalability coefficient as a lower bound (c) and an 
associated nominal significance level (α). Resulting violations to the restrictions on the 
scalability coefficients indicate a lack of monotonicity. Mokken (1971) further proposed that a 
scale is weak if 0.3 ≤ 𝐻 ≤ 0.4; moderate if 0.4 ≤ 𝐻 ≤ 0.5; and strong if 𝐻 > 0.5. 
 
2.2.2 Parametric Item Response Theory Models 
Clinical applications of IRT have previously found that polytomous items, which are 
intended to measure across the full range of the trait spectrum, are often only able to identify the 
trait within a narrow interval (Reise & Waller, 2009). An IRT analysis can identify this interval 
by exploring changes in standard error as a function of trait level, otherwise known as 
information (Reise & Waller, 2009). Information is inversely proportional to standard error 
squared. As a result, information is at maximum when standard error is at its lowest, and the 
interval about the maximum will correspond to the some subset of the latent variable for which 
the analysis is most indicative. 
 In addition, the above the existence of a ‘gray zone’ in the original validation study (an 
interval of scores where a corresponding depressive disorder could not be identified) suggests 
that the variation among the item response may be attributable to depression as a continuous 
latent variable, thus making it a good candidate for IRT analyses. Therefore, this study will seek 
to answer the following question through the use of IRT analyses: 
1) Do items distinguish between high and low levels of depression? 








3) If the ordering of categories is accurate, what is the probability of endorsement for each? 
4)  Are there differences in response styles among language groups for each item of the 
 PHQ-9? 
However, before we proceed with an IRT analyses, other conditions needed to be met, 
namely that of monotonicity and unidimensionality (Reise & Haviland, 2005). Monotonicity 
specifies that an increasing function describes an item’s probability of endorsement. In other 
words, if the data fulfills monotonicity then we should observe that the probability of endorsing 
an item consistently increases as the scoring on the latent variable increases. MSA, graphs of 
item-mean scores against rest scores (the difference between the total score and the item score), 
was used to observe if monotonicity held. Thus, I began by constructing such graphs for each of 
the nine items on the PHQ-9.  
A test is considered unidimensional if it assesses a single construct. To assess 
unidimensionality, I examined the item-intercorrelation matrices. Highly correlated items would 
provide support that there was one underlying construct without the use of sum scores across 
items. There are many techniques for determining unidimensionality. A common technique 
advocated by Reise and Haviland (2005) employs the use of a bi-factor model. However, given 
the data collected in the Bianchi et al. (2015), a bi-factor model was not appropriate here because 
the presence of disordinality, if established, would call into question the reliability of the sum 
scores that are used as measures for the general factor, and specific factors.  
My analyses make use of polytomous IRT models and I provide an overview of these 
models below. See Thissen, Cai and Bock (2010) and de Ayala (2008) for a more detailed review 








The Bock’s nominal response model (NRM) model is best suited to answer the first 
question because it has been typically used to identify any distractors. In other words, the model 
allows us to discern which item categories are more likely to be endorsed by those on the lower 
and higher end of the latent trait scale. This model does not assume ordering among the item 
categories. Instead it models the probability of endorsement of any given item category against 
the others item categories when combined given a specified trait level, ‘θ’.  The logit model 
corresponding to the nominal model is as follows, 




where ‘y’ corresponds to the item category. The model estimates two parameters – ai, the slope, 
and ci, the intercept for each item, i. Due to the model’s lack of parsimony, it should not be used 
for in-depth explanations of responses bias. Instead, it can be used as a reference model against 
which an ordinal model is tested. However, as the model is able to reasonably identify 
distractors, the NRM was used it in the first part of my analyses to discern if the items were able 
to distinguish between those on the high and low ends of the depression scale.  
 The generalized partial credit model (GPCM) was used to answer the second question 
because it allows us to test the ordinality assumption underlying the trait continuum. This model 
generates the probability of adjacent response categories.  Given k or k – 1, where k is an item 
category level of an item ‘i’, then the probability of k is, 
P𝑖𝑘(𝜃) =  
𝑒1.7𝑎𝑖(𝜃− 𝛿𝑖𝑘)
1 +  𝑒1.7𝑎𝑖(𝜃−𝛿𝑖𝑘)
 
Similar to the nominal model, ai is the slope that is allowed to differ across items (i.e. 
discrimination). Here δ is known as the ‘step parameter’ or ‘threshold’, i.e., the value along the 








category levels increase then ordinality holds for the item. However, when this is not the case we 
observe ‘reversal effects’ and the item’s categories should not be considered ordinal. The GPCM 
is nested in the NRM in that the GPCM can be formulated from the NRM by applying 
appropriate parameter constraints (ordinarily this is done automatically by software). The 
constraints ensure the NRM’s parameters are consistent with ordinal response patterns. If the 
ordering was correct, I used goodness-of-fit indices, specifically the Akaike information criterion 
(AIC), to determine if the GPCM provides a better fit than the NRM. When the GPCM provided 
a better fit, I used the model to answer the third question. 
Finally, I explored the concept of information in the analyses because its relation to 
reliability makes it an indicator of measurement precision. It follows from CTT that reliability (r) 
is equal to the quotient of information (I(θ)) and information plus one (I(θ) + 1).  




It follows as information increases, reliability approaches 1 (i.e. an absence of random 
error). Test information is the summation of item information over all items in a given test, and 
relates to standard error (SE(θ)) of measurement as follows: 




Therefore, we can obtain the test information function over the latent trait if we square 
the reciprocal of the standard error. Since the standard error is assumed to vary over the latent 
trait and over item difficulty, we can conclude that if the information remains constant across 
theta then it does not depend on trait level. However, if the information attains a maximum about 
some interval of theta, then we know that the test is best suited to individuals within that interval 








Appendix P provides a summary of the questions this study addressed, along with 
corresponding claims, and analyses used.  
 
3 RESULTS 
This study used non-parametric and parametric IRT to gain further insight into the 
internal structure of a presumed ordinal scales, specifically the PHQ-9. Although the combined 
data comprise three separate samples of school teachers from France, the US, and New Zealand, 
the use of IRT analysis  was limited to the French and US samples because the New Zealand 
sample size was too small to be a good candidate for this analysis.  
CTT validation methods were employed on this sample (provided in subsequent sections) 
and yielded similar results as that of the original validation study of the PHQ-9 conducted by 
Kroenke et al. (2001). However, IRT analysis performed on the French sample (N1 = 1,046) 
identified the presence of disordinality in four items, suggesting that participants are not able to 
discern between adjacent categories. The combining of the problematic categories within the 
items corrected for the disordinality. These results bolster the contention that more nuanced IRT 
analysis should be considered a validation criterion for the PHQ-9, especially if the assessment is 
to be conducted outside of a clinical setting where a qualified clinician cannot override the result 
owing to extraneous circumstances (ex. temporary bereavement). 
Table 1 contains the descriptive statistics of my sample. It is important to note that there 
are specific item-level diagnostic criteria, which need to be considered. For instance, on the 
PHQ-9, a score of 20 – 27 indicates the most severe form of depression, however a participant 
could also be given a diagnosis of major depression if they received a score greater than or equal 








(Table 1). Likewise, a diagnosis of another depressive disorder could be alternatively given if 
they received a score from 4 – 9 and endorsed either depressed mood or anhedonia. Any 
endorsement of item 9 (suicidal ideation) would qualify the participant as severely depressed, 
regardless of score.  
Appendix D further displays PHQ-9 items with corresponding symptoms, mean scores, 
and standard deviations across all three samples. As we proceed through the models, it is 
important to note that the mean and standard deviation of the latent variable (i.e. depression) 
correspond to a normal standard curve of 0 and 1 for θ, respectively. The scale reliability 
coefficient among sample was consistent with Kroenke’s original validation study – New 
Zealand: α = 0.86, US: α = 0.84, France: α = 0.86. 
Appendix E displays the inter-item correlation matrices corresponding to each sample. 
We notice that most of the correlations approximate inclusive values from 0.3 to 0.5, with the 
average inter-item covariances equal to 0.290, 0.398, and 0.325 for New Zealand, US and 
France, respectively. These values are indicative of unidimensionality. However, there are some 
values, corresponding to the inter-correlations (ex. items 3 & 9 and item 4 & 9 from the French 
sample) that have values well outside of this range. This suggests that these pairings may not lie 
along the same dimension of depression. However, as the majority of the values are suggestive 
of unidimensionality, I proceeded with the analysis paying particular attention to these items, 
namely, items 1, 2, 3, and 9. 
 
3.1  New Zealand Sample 
 Given the small sample of New Zealand participants (N3 = 184), the analysis will be 








similar to its parametric analogs (i.e., IRT models) without having to conform to stricter 
assumptions. The analysis follows: 
 
3.1.1 Mokken Scale Analysis (MSA) 
As mentioned in the description of MSA the positive item-pair scalability coefficient, 𝐻𝑖𝑗 
indicate that the assumption of unidimensionality is satisfied because it incorporates inter-item 
correlations. Similarly, the item scalability coefficient and the test scalability coefficient, 𝐻𝑗 and 
𝐻 suggest that the monotonicity assumption is satisfied because they incorporate rest scores, 
where 𝐻𝑗 is equivalent in interpretation to the discrimination parameter used in parametric IRT 
model.  
Before the scalability coefficients can be examined it was first ascertained that all 9 items 
clustered onto the same Mokken scale where c = 0.3 and α=0.05.  If the items had clustered onto 
different Mokken scales the following analysis would have had to be conducted on each scale 
separately to determine if items should be removed from each scale due to any violations in the 
assumptions. Appendix K display the values corresponding to the scalability coefficients of the 
New Zealand sample. The values appear to satisfy the criteria of Mokken scale: 1) all 𝐻𝑖𝑗s are 
positive, 2) all 𝐻𝑗 are greater than the default lower bound of 0.3, and 3) the scalability 
coefficient, 𝐻 is between 0 and 1. However, upon closer inspection of these values certain items 
appear problematic, with item 9 being of greatest concern.  While item 9’s scalability coefficient 
is above the set lower bound of 0.3 (𝐻9= 0.326), its corresponding standard error, 0.058, would 
places the item’s scalability coefficient within a 95% confidence interval that includes values 
less than the lower bound (0.268 < 𝐻9< 0.384): a possible violation of the second criterion. In 








among all corresponding item-pair scalability coefficients for the corresponding item (ex. 
𝐻19 < 𝐻1𝑗). Item 3 had the second lowest scalability coefficient (𝐻3= 0.392), but remained 
above 0.3 for its estimate within a 95% confidence interval. Items 4 and 6 were the strongest 
performing items in the scale.  The scalability coefficient indicates that PHQ-9 would be 
considered a moderate scale for the New Zealand sample (𝐻 = 0.453). 
Despite concerns that arise due to possible violations of the Mokken scale, a criteria 
check of the item response functions indicated that there were no violations to manifest 
monotonicity for any of the items within the New Zealand sample. In testing for monotonicity, 
manifest monotonicity is used as a stand-in for latent monotonicity, where item response 
functions are generated with respect to the rest scores in lieu of the latent trait (i.e., depression), 
which in unobservable.  Appendix F includes all item threshold response functions and item 
response functions for each of the nine items of the New Zealand sample. As a visual 
confirmation of monotonicity, notice that each of these functions is increasing.  
A check for double monotonicity was also conducted. It identified ten violations of the 
non-intersection assumption. However, none of these violations rose to a level of significance 
that would suggest the removal of items involved. Although MSA has demonstrated that the 
assumptions for parametric IRT models have been met, and therefore none of the items should be 
removed, I did not proceed to fitting these because it would result in a loss of generalizability 
due to the small sample of New Zealand participants.  
 
3.2  French Sample 
 The large sample of French participants (N1 = 1,046) allows for analysis by parametric 








form analysis. MSA is presented in section 3.2.1 as the first form analysis because it helps 
establish the conditions for IRT analysis, which is presented in section 3.2.2. 
 
3.2.1 Mokken Scale Analysis (MSA) 
 At the outset all items on the PHQ-9 clustered onto the same Mokken scale for the 1,046 
participants in the French sample with c = 0.3 and α=0.05. Consistent with the New Zealand 
sample, the French sample also appeared to satisfy the criteria of a Mokken scale in that all 𝐻𝑖𝑗s 
were positive, all 𝐻𝑗s were greater than the lower bound of 0.3, and the scalability coefficient, 𝐻, 
is between 0 and 1(Appendices K & L). However, unlike the New Zealand sample, none of the 
item scalability coefficients were within a 95% confidence interval that was inclusive of values 
less than 0.3, and item 9 which was the worst performing item in the New Zealand sample was 
among the strongest performing items. It was exceeded by item 4, and item 2, respectively. 
Collectively all the items comprised a moderate Mokken scale (𝐻 = 0.484). 
 The test for manifest monotonicity using rest scores indicated that a violation occurred 
for item 8, but did not rise to the level of significance needed to warrant its removal from the 
scale (refer to Figure 5). A further test for invariant item ordering (IIO) was performed.  
According to Ligtvoet et al. (2010) an IIO is, “an item ordering that is the same for all 
respondents”’ (pg. 3), suggesting non-intersection of item response functions. Testing for IIO is 
not necessary if manifest monotonicity can be shown using rest scores for all items. However, 
for scales where there may be possible violations of item(s) monotonicity: demonstrating that 
monotonicity holds for an item whose IRF is less than the other IRFs in the scale, along with 








For this sample, there were no significant violations of IIO. Taken together, the assumptions 
appear to hold for the monotone homogeneity model and its parametric analogs.  
 The double monotonicity model of the scale did not hold over this sample due to 
numerous significant violations to the non-intersection ISRF assumption occurring across items 
1 – 7. For instance, Figure 1 illustrate that item 2 and item 4 do not have intersecting ISRFs 
whereas item 3 and item 7 have a point of intersection for among their ISRFs. The presence of 
such intersections may suggest the presence of disordinality in the corresponding parametric IRT 
models. 
 
Figure 1. Non-intersecting and Intersecting ISRFs (French Sample) 
 
 
3.2.2 IRT Analysis 
Although all of the PHQ-9 items were analyzed, I will limit my focus in the results 
section to four items, item 1, 2, 3, and 9.  Of the items selected, three were of critical importance 
in the diagnosis of depression in Kroenke’s original validation study (items 1, 2, and 9) and, 
taken together, they reflected general patterns that were observed among all the items, including 








Appendix A provides the NRM category curves for our selected set of items. The curves 
in Appendix A, distinguish well between high and low levels of depression. For items 1, 2, 3 and 
9, participants are more likely to endorse the category ‘Nearly Every Day’ as opposed to ‘Not at 
All’ for theta values of depression that are greater than 0.74, 0.75, 0.24, and 2.11, respectively. In 
addition, participants are more likely to endorse ‘Not at All’ for theta values less than -0.54, -
0.35, -1.13, and 1.55 than any other category, and for items 1, 2, 3, and 9, respectively. Likewise, 
it can be seen from the curves in Figure 1 that the category corresponding to ‘Nearly Every Day’ 
tends to be endorsed beyond any of the other categories for values further along the latent scale. 
These trends were prevalent among all nine items, indicating that the measure does distinguish 
between high and low values of theta, where the greatest likelihood of endorsing ‘Not at All’ 
exists among those on the lower end of the latent scale and ‘Nearly Every Day’ for those on the 
higher end of the latent scale. Thus, the NRM indicates that the items do distinguish between 
high and low levels of the latent trait.  
However, the NRM also suggests that the ordering of these categories may be 
problematic. In other words, we do not observe that increases along the latent scale continuum 
correspond to the likelihood of an ordinal endorsement of the categories for all items. For 
instance in item 3 (sleep deprivation), the first category, ‘Not at All’, is the highest endorsed 
among those with a theta score no greater than -1.13; the second category, ‘Several Days’, tends 
to be endorsed the most by those with theta scores between -1.13, and approximately 0.5; and the 
fourth category, ‘Nearly Every Day’, is endorsed the most for latent scale values greater than 0.5. 
The union of these intervals comprise the entire latent scale, therefore there is no segment of the 
latent scale where the third category, ‘More than half the days’ is endorsed more than any other 








    The GPCM can offer further insights into the ordinality of the measure. Due to the 
constraints that it places on the NRM, the GPCM generates probabilities of adjacent categories. 
As such, the intersection points of adjacent category curves seen in Appendix B are the 
thresholds (δ), which can be interpreted as the points where the probability of selecting either 
adjacent category is equally likely. In items 1, 2, and 9 the thresholds increase along the imposed 
ordering of the categories suggesting that the ordering is correct for these items. However, the 
curves also suggest that those individuals that endorse ‘More than half the days’ fall within a 
narrow range of the depression scale for items 1 and 2. For example, in item 1 and 2 these 
individuals would have a theta value between 1.28 and 1.56 (interval width: 0.28), and from 1.22 
to 1.55 (interval width: 0.33). Small interval widths call into question the utility of this category 
for many of the items in the measure, and hint at the possibility of a reversal effect. A clear 
reversal effect can be observed in item 3 where the threshold from ‘More than half the days’ to 
‘Nearly every day’ (θ = 0.64) precedes the threshold corresponding to the transition from 
‘Several Days’ to ‘More than half the days’ (θ = 0.75). Thus, the GPCM indicates that ordinality 
does not hold for this item.  
Taken together, the GPCM demonstrates that, while the categories were intended to be 
ordinal along the depression scale, the participants’ probability of endorsement as a function of 
their latent depression scores indicate otherwise. In particular, the GPCM shows the issue of 
disordinality arises around the third category, ‘More than half the days’. Because, the GPCM 
generates probabilities of adjacent categories; the combination of item scores corresponding to 
the endorsement of either the second and third category, or third and fourth categories may 
produce ordinal categories consistent with the latent trait scale. As such, the following examines 








corresponding category characteristic curves can be seen in Appendix C. Although not 
expounded upon here, it should be noted that results were similar when the second and third 
categories were combined. 
The category characteristic curves seen in Appendix C clearly demonstrate that along 
with the newly formed category, the categories are now ordinal. This is the case for the selected 
items seen in Appendix C, as well as the remaining items. Although the interval width for the 
newly formed category in item 9 remains small this may be more desirable from a clinical 
perspective.  
  Table 2 and Table 3 uses the AIC as a goodness-of-fit indicator for the original PHQ-9 
(four response categories per item) and for the modified PHQ-9 (three categories). The models 
that are compared in the table are comparable to each other because, following the NRM, each 
model imposes additional constraints on the NRM; thus, each can be taken as a type of nominal 
model. The GRM is a distinctly different model and as such was not included. When comparing 
two models using AIC, the lower value is taken as corresponding to the model of better-fit.  
Table 2 
 
Fit Statistics of IRT models for PHQ-9 (4 categories per item) in French sample 
Model            df  -2log(L)     AIC ΔAIC* 
Nominal 54 18345.67 18453.67 54.38 
GPCM 36 18399.29 18399.29 0 
PCM 28 18507.21 18563.21 163.92 
RSM 12 19264.79 19288.79 889.5 
*difference between each model and the nominal model 
 
From Table 2, we can see that the GPCM is a better model than the NRM, as well as 
those models with additional constraints, PCM, and the rating scale model (RSM). This suggests 












Statistics for IRT models for modified PHQ-9 (3categories per item) in French sample 
Model df -2log(L) AIC ΔAIC* 
Nominal 36 15417.63 15489.63 0 
GPCM 27 15473.74 15527.74 38.11 
PCM 19 15579.61 15617.61 127.98 
RSM 11 16152.99 16174.99 685.36 
*difference between each model and the nominal model 
 
Figure 2. Test Characteristic Curve and Test Information Function (French sample) 
 
 Figure 2 provides the test characteristic curve, and the test information function. As we 
examine the test characteristic curve we must keep in mind that the merging of the third and 
fourth category into one category will change the total score that a participant can receive on this 
test from a 27 to 18, because the highest score that a participant can receive for any item in the 
revised version is now a 2. Scores above a 7.27 correspond to participants that are above average 
on the depression scale. From our knowledge of the standard normal distribution, those that fall 
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As a result, we know that there is a 95% chance that a randomly selected individual taking 
revised version of the PHQ-9 will score between 1.24 and 15.6. 
 The test information function is not constant across the trait of depression. It has a local 
maximum that, as seen from Figure 2, are the endpoints of an interval where the test provides the 
maximum information. This interval spans theta values from approximately -0.5 to 1.5; 
demonstrating that the test will give us the maximum information for participants that are within 
this theta range. We can also see in Figure 2 the test information curve superimposed over the 
standard error curve. As expected, the interval in which the test information curve attains its 
maximum values corresponds to the interval of the standard error curve where we observe the 
lowest values, given the reciprocal relationship between them. 
 In addition to the relationship between the standard error and the test information 
function, there exists a relationship between standard error and reliability that confirms we have 
identified the correct interval of maximum test information. The revised scale for the French 
sample had a reliability coefficient of 0.84. Using the formula: s.e.= √(1-r), as it applies here, 
where s.e. is standard error and r is reliability, then standard error is 0.4, given our reliability. A 
horizontal line has been drawn through the standard error of 0.4 in Figure 2’s test information 
graph. Notice that all of the value that fall below s.e. = 0.4 correspond to the interval on the 
standard error curve which we previously identified as encompassing the lowest standard error 
values, which in turn corresponds to the section of the test information curve that was identified 











3.3 US Sample 
Similar to the French sample, the US sample also comprises of a large number of 
participants (N2 = 1,386), allowing for analysis by parametric (i.e. IRT) and non-parametric  (i.e. 
MSA) models. The results of the MSA is found and in section 3.3.1 and the IRT analysis is 
found in the subsequent section, 3.3.2 
 
3.3.1 Mokken Scale Analysis 
 The US sample of 1,386 participants comprised a strong Mokken scale (H = 0.533) where 
all but two items, restlessness (#8) and suicidal ideation (#9) scored above 0.5 for the item 
scalability coefficients, indicating that the scale comprises of mostly strong items.  Similar to 
New Zealand and French results, all items clustered onto the same Mokken scale of c = 0.3 and 
α=0.05, all 𝐻𝑖𝑗s were positive, all 𝐻𝑗s were greater than the lower bound, and 𝐻 is between 0 and 
1 (Appendix L).  However, the PHQ-9 scale over the US sample outperforms the scale over the 
New Zealand and French samples, with the strongest test scalability coefficient.  
 The test for manifest monotonicity using rest scores indicated that there were no 
violations of the monotonicity condition for any of the items (Appendix H).   
However, for this sample there were two significant violations of IIO for items 1 and 6. This may 
indicate that while monotonicity holds, there may be some violation of non-intersection.  
 The double monotonicity model of the scale confirmed that there were numerous 
significant violations to the non-intersection ISRF assumption over all the items. Figure 3 
illustrate a couple of conspicuous non-intersection violations. While the presence of these 








criteria have been met suggesting that this sample meets with the conditions of its non-
parametric analogs (i.e. NRM, GPCM). 
 
Figure 3. Test Characteristic Curve and Test Information Function (US sample) 
 
 
3.3.2  IRT Analysis 
Similar to the French data set, I will limit my focus in the IRT analysis of the US sample 
(N2 = 1386) to four items from the PHQ-9 – 1, 2, 3, and 9. As a reminder, items 1, 2, and 9, were 
of critical importance in the diagnosis of  major depressive disorder, apart from the 
corresponding sum score. Taken together, they reflected general patterns that were observed 
among all the items.  
Appendix I provide the NRM category curves for our selected set of items. The curves 
shown, as well as the remaining items that can be seen in Appendix I, distinguish well between 
high and low levels of depression. For items 1, 2, and 3, participants are more likely to endorse 
the category ‘Nearly Every Day’ as opposed to ‘Not at All’ for theta values of depression that are 
greater than 0.61, 0.67, and 0.15, respectively. Participants were also more likely to endorse ‘Not 
at All’ for theta values less than -0.29, -0.27, and -.71, than any other category, for items 1, 2, 








category corresponding to ‘Nearly Every Day’ tends to be endorsed beyond any of the other 
categories for values further along the latent scale for all. This indicated that the measure does 
distinguish between high and low values of theta. Thus, the NRM indicates that the items do 
distinguish between high and low levels of the latent trait.  
However, unlike the French sample the category characteristic curves of the NRM 
(Appendix I) suggests that a few items perform similarly to items with dichotomous outcomes. 
As can be seen in the figure the probability of endorsement for the second and third category, 
labeled ‘Several Days’ and ‘More than half the days’, is subsumed by the first and last category, 
‘Not at all’ and ‘Nearly every day. This implies that item 9 may perform essentially as a 
dichotomous item for the US sample. Item 8 exhibits a similar trend.  
    The GPCM was then used to glean further insights into the ordinality of the measure 
because it generates probabilities of adjacent categories. The thresholds (δ), occur at points 
where the probability of selecting either adjacent category is equally likely. In items 1, 2, and 3 
the thresholds increase along the imposed ordering of the categories suggesting that the ordering 
is correct for these items. However, similar to the French sample, the curves also suggest that 
those individuals that endorse ‘More than half the days’ fall within a narrow range of the 
depression scale for these items and several others over the entire scale. Similar to the French 
sample, the utility of this category is questionable given its small interval width, and hint at the 
possibility suggests possible reversal effects.  
For items 9 and 8, the same trend that was observed using the NRM reoccurred – where 
the probability functions of the second and third categories of the items were subsumed by the 
probability functions of the first and fourth categories. It should be noted that there were also 








informed by the above trend. Thus, to mitigate the possibility of reversal effects in items 1 – 7 
and account for the prevalent endorsement on the extreme categories for items 8 and 9, a hybrid 
model was used. The third and fourth categories were combined for items 1 – 7 and items 8 and 
9 were modified to have dichotomous outcomes where the first and second categories, as well as 
the third and fourth categories were combined. Due to the differences in category levels the 
GPCM was used on those items with three categories (i.e. items 1 – 7) and the 2PL, the GPCM 
analog for dichotomous outcomes, was used on those items with two categories (i.e. items 8 and 
9) .  
Table 4 and Table 5 use the AIC as a goodness-of-fit indicator for the original PHQ-9 
(polytomous outcomes) and for the modified PHQ-9 (polytomous/dichotomous outcomes). The 
models included in these tables are all nested within the NRM thus allowing for comparable 
comparisons to be made about model fit. As a reminder when comparing two models using AIC, 
the lower value is taken as corresponding to the model of better-fit. 
Table 4 
 
Fit Statistics of IRT models for PHQ-9 (4 categories per item) in US sample 
Model df -2log(L) AIC ΔAIC* 
Nominal 54 24,298.28 24,406.27 2.42 
GPCM 36 24,331.84 24,403.85 0 
PCM 28 24,501.56 24,557.56 153.71 
RSM 12 25,426.22 25,450.21 1,046.36 
*difference between each model and the nominal model 
 
 Similar to the French sample we can see from Table 4 that the GPCM is a better model 
than the other nested models of the NRM, suggesting that any modifications made to the scale 
(ex. combining categories) use the GPCM as was done. Table 5 indicates that the NRM is the 








underpinning to their choice. It should be noted that RSM could not be evaluated for the 
modified hybrid model because it requires that all items have the same number of categories. 
Table 5 
 
Fit Statistics for IRT models for modified PHQ-9 (3/2 categories per item) in US sample 
Model df -2log(L) AIC ΔAIC* 
Nominal 32 18,124.32 18,188.32 0 
GPCM 25 18,161.16 18,211.16 22.84 
PCM 17 18,271.20 18,305.2 116.88 
*difference between each model and the nominal model 
 
Figure 4. Test Characteristic Curve and Test Information Function (US sample)
 
 Figure 5 provides the test characteristic curve, and the test information function. As we 
examine the test characteristic curve we must keep in mind that the revised scale resulted in a 
total score of 18 instead of 27, because the 4-point Likert scale has become a 3-point Likert 
scale. Scores above a 7.16 correspond to participants that are above average on the depression 
scale. There is a 95% chance that a randomly selected individual taking revised version of the 
PHQ-9 will score between a 0.74 and a 14.4. 
 The test information function has a maximum, as seen from Figure 4, within an interval 
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information for participants that are within this theta range. In Figure 4, the test information 
curve is superimposed over the standard error curve where the maximum values corresponds to 
the interval of the standard error curve with the lowest values. 
 The rule of correspondence between the standard error and reliability further confirms 
that the correct interval of maximum test information was identified. The revised scale for the 
US sample had a reliability coefficient of 0.85. From the formula: s.e.= √(1-r), it follows that the  
standard error is 0.39. A horizontal line has been drawn through the standard error of 0.39 in 
Figure 4’s test information graph.  
 
3.4 Comparisons of  Scales 
The differences in the GPCM’s category characteristic curves between the French and US 
sample for each item may be the first indication that there are differences in the response patterns 
between the French and US participants. An examination of the differential item response 
functioning on the modified data for each sample appears to suggest that these differences persist 
despite correcting for issues in disordinality. For instance, Appendix N list the discrimination 
and difficulty parameters for the each item within their respective samples using the GPCM. 
Notice that differences in parameter estimates between the US and French samples are within the 
same range for both sets of data (i.e., original categories and modified categories).   
In an attempt to identify which of the categorical variables, gender or language, accounted 
for the better model, relative fit indices were compared on GPCMs for the combined sample (i.e. 
US and French) that were sorted by language, gender, and their interaction. According to 
Appendix O, sorting by language provided the most parsimonious model using BIC, and second 








AIC. Taken together, the models suggest that language has the larger effect on the class 
clustering associated with response patterns, as compared to gender.  
 
4 DISCUSSION 
The purpose of this study was to use IRT for a more refined analysis of the PHQ-9, 
particularly focusing on the internal consistency relationships as well as the individual items. The 
IRT analysis is consistent with the CTT results, in addition to offering deeper insights than CTT. 
As such, both non-parametric and parametric IRT analysis should be considered in analysis of 
PROs and other short clinical assessments as well as similar inventories that appear in 
educational and psychological research.  
IRT results indicated that the PHQ-9 is a metric that is able to distinguish well between 
high and low levels of the latent trait across all samples. Mokken scaling prior to parametric IRT 
analysis on the two larger samples showed that the basic assumptions of monotonicity, 
unidimensionality, and local independence are reasonable. Parametric analysis identified 
problematic features of the PHQ-9, with the most notable issue being that of disordinality. The 
results of the IRT analyses are consistent with previous studies that used IRT analyses on the 
PHQ-9. Most notably, the participants did not endorse the categories along the same ordinal 
scale implied by category labels. In this study, the prevalence of reversal effects, or near reversal 
effects, in items 3, 4, 5, and 9 in the French sample and items 8 and 9 of the US sample, was 
indicative of disordinality and may not be reflected in the reliability coefficient because it could 
contribute to systematic error, more so than random error. The importance of disordinality may 








individually. Most notably, item 9 (suicidal ideation) is often singled out as being particularly 
important for generating a provisional diagnosis. Given that it exhibited disordinality in both the 
US and French samples, this item is likely to be problematic in terms of how it behaves with the 
rest of the items, although it is clearly an important symptom of depression.   
 I was able to remove the reversal effects through the combination of endorsements 
corresponding to categories 3 and 4 from the French sample, as previously demonstrated. 
Although, not shown in the results section, I achieved the same effect by combining categories 2 
and 3. I chose to illustrate the combination of categories 3 and 4, in lieu of 2 and 3, in the results 
because it was believed that the categories’ labeling may have been conflated with the directions 
of the PHQ-9, resulting in participants having had difficulty discerning between the two 
categories. The instructions of the PHQ-9 asked participants to endorse items seen in Table 1 
based on experiences “over the last 2 weeks”. Given this limited period of time, the option of 
‘More than half the days’ (category 3) and ‘Nearly every day’ (category 4) may have appeared to 
be one in the same for many participants.  Ultimately, decisions about category mergers should 
have a firm theoretical underpinning, be informed by clinicians’ perspective, and be subject to a 
proper verification through a randomized experiment. The same rationale was used to 
consolidate the PHQ-9’s categories from 4 to 3 for the first seven items of the scale for the US 
sample. However, for items 8 and 9, the inner categories were subsumed by the outer categories 
suggesting that these items may be modified with dichotomous outcomes. However, in this case 
the item would require IRT analysis rather than the computation of a sum score; the sum score 
itself is suspect when respondents do not use the full range of an item. The revised scale for the 
US sample was analyzed using a hybrid model, where the GPCM was used for the first seven 








two. The hybrid model alleviated disordinality within the US sample. The IRT analysis of the 
combined categories should be use to inform any modification to the PHQ-9. It is important to 
emphasize that this is post-hoc analysis. However, it can inform likely effects.  
 The technique of combining the third and fourth categories of the PHQ-9 to remove 
reversal effects is the same as that noted by Zhong and colleagues (2014) in their study of the 
PHQ-9 on pregnant, Peruvian women. It was not explicitly noted if they observed the same 
ordinality correction by combining the second and third category as I did. In addition, specific 
items that may have been the most problematic were not discussed. However, some explanations 
for the observed disordinality may be applicable to this study’s sample. Most notably, the 
presence of double-barreled items in the PHQ-9— items 3, 5, 8, and 9. Double-barreled items are 
those that include compound statements which make it difficult to distinguish if an endorsement 
of the item is reflective of an endorsement of one or both of the statements within the item. Also, 
Zhong and colleagues’ explanation of the choice in the correction of the observed disordinality 
(i.e., collapsing categories 3 and 4 in lieu of 2 and 3) is consistent with the explanation that I 
offered above. 
The presence of disordinality in this study may also be attributed to characteristics that 
are distinct to this sample.  The sample was comprised entirely of teachers. As a group, teachers 
can be considered high-functioning individuals relative to the general population. For instance, 
teachers in the US require, at a minimum, a Bachelor’s degree for employment. Also, the 
expectations of the job are such that teachers are less likely to admit to depressive symptoms. 
Compared to a clinical sample, teachers may be less likely to admit depressive symptoms, due to 








suggested that teachers may prefer to use describe their symptoms as “burnout” instead of 
relating to depression because it is a socially-acceptable term (Bianchi, Laurent, Brisson, & 
Schonfeld, 2015). Taken together, these characteristics and conditions may influence the 
response styles within this population. 
The differences in the revised models to correct for the disordinality was the first 
indication that there exist differences in response styles between the French and US samples. 
Latent class analysis (LCA) conducted on each sample further bolstered the argument that there 
were differences in response styles, with the US sample optimally grouping into four groups and 
the French sample having an optimal grouping of three. To isolate the factors that contributed to 
these differences, a GPCM was applied to the combined sample of the US and French sample 
sorting by language, gender, and their interaction. Of these, language was the only one that had a 
substantial effect on the resulting best fitting models.  
It may be that language is a stand in for culture. For instance, previous research indicated 
that there would be no significant difference in DIF results between the French- and English-
language versions of the PHQ-9 when tested on participants from similar cultural backgrounds 
(i.e., Canadians; Arthurs et. al, 2012). However, in the current study there were differences 
between the two versions when tested on both language and culturally disparate groups, i.e., the 
French and US sample. Cultural differences may also serve explain the responses to item 9, 
Suicidal Ideation, across these two samples. As mentioned previously, category endorsement 
corresponded to a specific portion of the latent scale for each category of this item for the French 








styles may be attributed to the cultural taboo associated with suicide specific to North 
Americans, thus US participants would be less likely to endorse any degree of suicidal ideation.  
 
4.1 Limitations 
Among the limitations of the study was the absence of a comparable diagnostic tool to 
ascertain validity. Thus, while the differences in the discrimination and difficulty parameters 
may be indicative of a non-alignment between item score and total score it is difficult to know, 
with any level of certainty, the effect it will have on the diagnosis. In addition, the 
generalizability of the results is limited to educators that share similar demographic 
characteristics. Additional categories, such as tenure vs. non-tenure, level of discipline mastery, 
and institutional support may also have a close association to item response, as well as factors 
outside of the scope of this paper. Lastly, since previous research indicates the presence of DIF 
in racially diverse samples on the PHQ-9 (Huang et.al, 2005, it would have been beneficial to 
having this information as a potential covariate, and possibly would aided with disentangling the 
differential effects of language and culture. 
 While post-hoc analyses were conducted on revised scales with collapsed categories, 
there was no actual administration of the revised scales and these results can be thought of as 











4.2 Further Research 
 Areas for further research should attempt to address the limitations. For instance, the 
revised scale should be administered to similar samples using a randomized experiment. In 
addition making the categories more concrete (ex. Zero days vs. 1 – 7 days vs. 8 – 14 days vs. 
more than 14 days), modifying double-barreled items to single conditional statements may serve 
to mitigate disordinality. An analysis of response patterns at different levels of the sum score 
could inform diagnosis. An exploratory analysis for possible covariates may shed insight onto 
the differences that were observed across the different language samples. Such an analysis 
should include a latent class analysis, which would identify clustering within the sample without 
attributing it to a particular categorical variable. Finally, it should also include qualitative 
research that could identify groupings that would not otherwise be considered. An example 
would be an examination in the response process, such as Think Aloud protocols (Kussmaul & 
Tirkkonen-Condit, 1995), which allow for participants to articulate their understanding of the 
items. Specifically, Think Aloud protocols would provide insight into the choice in consecutive 
categories (ex. Choosing category 1 vs. 2) among participants. Qualitative research has been 
particularly helpful in item development in education and it should prove similarly helpful in 
other areas as well. 
The main methodological difference between this study and previously known studies 
was a systematic approach to correctly identifying disordinality and DIF by fitting item 
responses to nested models of the NRM. This approach mitigates the possibility that the 
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Table D1  
Descriptive Statistics of the PHQ-9 Items by Sample 
  France US New Zealand 
Item Symptom Mean S.D. Mean S.D. Mean S.D. 
1. Little interest or 
pleasure in 
doing things 
Anhedonia 0.93 0.86 0.98 0.96 1.03 0.84 





0.87 0.86 0.96 0.96 0.91 0.9 
3. Trouble falling 
or staying asleep 
Sleep 
deprivation 
1.37 1.05 1.4 1.09 1.51 0.96 
4. Feeling tired or 
having little 
energy 
Fatigue 1.7 0.94 1.7 0.99 1.74 0.91 
5. Poor appetite or 
overeating 
Poor appetite 1.06 1.05 1.28 1.1 1.21 1.08 
6. Feeling bad 
about yourself- 
or that you are a 
failure or that 




1.02 0.98 0.99 1.05 0.97 0.99 
7. Trouble 
concentrating on 





Concentration 0.9 0.92 0.89 0.99 0.89 0.96 
8. Speaking slowly, 
restless 
Restlessness 0.49 0.81 0.45 0.78 0.42 0.76 
9. Thoughts that 
you would be 
better off dead 


















Inter- item Correlation Matrices for the PHQ-9 by Sample 
French sample (N1 = 1,046) 
PHQ_1 PHQ_2 PHQ_3 PHQ_4 PHQ_5 PHQ_6 PHQ_7 PHQ_8 PHQ_9 
         1.00 
 
       0.63 1.00 
       0.39 0.43 1.00 
      0.48 0.51 0.47 1.00 
     0.40 0.42 0.42 0.43 1.00 
    0.49 0.56 0.39 0.45 0.43 1.00 
   0.40 0.43 0.40 0.41 0.40 0.46 1.00 
  0.30 0.38 0.35 0.31 0.36 0.33 0.49 1.00 
 0.37 0.43 0.29 0.26 0.31 0.46 0.31 0.32 1.00 
US sample (N2 = 1,386)   
PHQ_1 PHQ_2 PHQ_3 PHQ_4 PHQ_5 PHQ_6 PHQ_7 PHQ_8 PHQ_9 
1.00 
        0.71 1.00 
       0.43 0.49 1.00 
      0.51 0.54 0.54 1.00 
     0.45 0.48 0.47 0.53 1.00 
    0.54 0.66 0.41 0.47 0.48 1.00 
   0.48 0.51 0.44 0.48 0.44 0.54 1.00 
  0.35 0.39 0.36 0.37 0.38 0.39 0.53 1.00 
 0.33 0.39 0.20 0.22 0.22 0.38 0.24 0.29 1.00 
New Zealand sample (N3 = 184) 
PHQ_1 PHQ_2 PHQ_3 PHQ_4 PHQ_5 PHQ_6 PHQ_7 PHQ_8 PHQ_9 
1.00 
        0.67 1.00 
       0.31 0.26 1.00 
      0.48 0.34 0.47 1.00 
     0.44 0.47 0.31 0.54 1.00 
    0.47 0.63 0.31 0.45 0.44 1.00 
   0.34 0.34 0.42 0.49 0.35 0.46 1.00 
  0.20 0.23 0.31 0.38 0.31 0.44 0.51 1.00 

































































































































































































































































































































































































































































Table K1  
 
New Zealand Sample Item-pair Scalability Coefficients (Hij) 
  PHQ_1 PHQ_2 PHQ_3 PHQ_4 PHQ_5 PHQ_6 PHQ_7 PHQ_8 PHQ_9 
PHQ_1         0.74 0.37 0.55 0.49 0.52 0.39 0.25 0.15 
PHQ_2 0.74         0.30 0.40 0.52 0.67 0.36 0.28 0.28 
PHQ_3 0.37 0.30         0.52 0.34 0.36 0.48 0.42 0.26 
PHQ_4 0.55 0.40 0.52         0.61 0.50 0.53 0.55 0.34 
PHQ_5 0.49 0.52 0.34 0.61         0.48 0.39 0.40 0.39 
PHQ_6 0.52 0.67 0.36 0.50 0.48         0.48 0.53 0.48 
PHQ_7 0.39 0.36 0.48 0.53 0.39 0.48         0.60 0.35 
PHQ_8 0.25 0.28 0.42 0.55 0.40 0.53 0.60         0.32 




Item Scalability Coefficients (Hj) for New Zealand Sample 



















French Sample Item-Pair Scalability Coefficients (Hij) 
 PHQ_1 PHQ_2 PHQ_3 PHQ_4 PHQ_5 PHQ_6 PHQ_7 PHQ_8 PHQ_9 
PHQ_1         0.66 0.44 0.59 0.44 0.52 0.43 0.36 0.52 
PHQ_2 0.66         0.50 0.63 0.46 0.60 0.45 0.46 0.58 
PHQ_3 0.44 0.50         0.53 0.47 0.43 0.45 0.44 0.51 
PHQ_4 0.59 0.63 0.53         0.49 0.51 0.48 0.41 0.50 
PHQ_5 0.44 0.46 0.47 0.49         0.45 0.43 0.42 0.46 
PHQ_6 0.52 0.60 0.43 0.51 0.45         0.48 0.39 0.67 
PHQ_7 0.43 0.45 0.45 0.48 0.43 0.48         0.58 0.45 
PHQ_8 0.36 0.46 0.44 0.41 0.42 0.39 0.58         0.38 




Item Scalability Coefficients (Hj) for French sample 

















Table M1  
 
US sample item-pair scalability coefficients (Hij) 
 PHQ_1 PHQ_2 PHQ_3 PHQ_4 PHQ_5 PHQ_6 PHQ_7 PHQ_8 PHQ_9 
PHQ_1         0.72 0.49 0.59 0.49 0.57 0.50 0.41 0.52 
PHQ_2 0.72         0.55 0.62 0.53 0.69 0.52 0.46 0.62 
PHQ_3 0.49 0.55         0.60 0.49 0.46 0.50 0.48 0.44 
PHQ_4 0.59 0.62 0.60         0.60 0.52 0.54 0.51 0.54 
PHQ_5 0.49 0.53 0.49 0.60         0.52 0.49 0.49 0.45 
PHQ_6 0.57 0.69 0.46 0.52 0.52         0.57 0.44 0.63 
PHQ_7 0.50 0.52 0.50 0.54 0.49 0.57         0.61 0.39 
PHQ_8 0.41 0.46 0.48 0.51 0.49 0.44 0.61         0.37 




Item Scalability Coefficients (Hj) for US sample 























 Coef. SE Coef. SE   Coef. SE Coef. SE 
PHQ_1      PHQ_5     
Discrim 1.78 0.11 1.60 0.12  Discrim 1.02 0.06 0.94 0.07 
Diff      Diff     
1 vs 0 -0.29 0.05 -0.52 0.06  1 vs 0 -0.37 0.08 0.00 0.10 
2 vs 1 0.87 0.06 1.28 0.09  2 vs 1 0.51 0.09 0.78 0.11 
3 vs 2 1.40 0.08 1.56 0.11  3 vs 2 0.75 0.09 1.14 0.13 
PHQ_2      PHQ_6     
Discrim 2.59 0.18 2.19 0.17  Discrim 1.61 0.10 1.42 0.11 
Diff      Diff     
1 vs 0 -0.26 0.04 -0.35 0.05  1 vs 0 -0.04 0.06 -0.40 0.07 
2 vs 1 0.79 0.05 1.22 0.08  2 vs 1 0.72 0.06 1.08 0.09 
3 vs 2 1.40 0.06 1.55 0.09  3 vs 2 1.17 0.08 1.16 0.10 
PHQ_3      PHQ_7     
Discrim 0.97 0.06 0.91 0.07  Discrim 1.28 0.08 1.09 0.08 
Diff      Diff     
1 vs 0 -0.67 0.08 -0.96 0.10  1 vs 0 0.15 0.07 -0.16 0.08 
2 vs 1 0.33 0.09 0.75 0.11  2 vs 1 0.85 0.08 1.25 0.11 
3 vs 2 0.71 0.09 0.64 0.12  3 vs 2 1.53 0.10 1.61 0.14 
PHQ_4      PHQ_8     
Discrim 1.51 0.09 1.34 0.10  Discrim 1.03 0.08 0.92 0.08 
Diff      Diff     
1 vs 0 -1.65 0.09 -2.18 0.13  1 vs 0 1.38 0.12 1.28 0.14 
2 vs 1 0.11 0.06 0.26 0.08  2 vs 1 1.42 0.12 1.76 0.17 
3 vs 2 0.49 0.06 0.54 0.08  3 vs 2 2.28 0.19 1.89 0.22 
      PHQ_9     
      Discrim 1.14 0.11 1.68 0.17 
      Diff     
      1 vs 0 2.58 0.22 1.65 0.13 
      2 vs 1 1.96 0.19 2.07 0.15 







Table O1  
GPCM models of combined French and US samples by language and gender 
Model Subgroup -2LL #parms AIC BIC ∆AIC* ∆BIC* 
Combined  21458.65 36 42989.30 43040.33 118.17 63.13 
Gender Female 17006.97 36     
Male 4397.58 36     
Total 21404.55 72 42953.10 43055.17 81.97 77.96 
Language US 12165.92 36     
French 9199.64 36     
Total 21365.57 72 42875.14 42977.21 4.00 0.00 
Gender x 
Language 
US Female 9279.74 36     
US Male 2838.42 36     
French Female 7638.92 36     
French Male 1534.49 36     
Total 21291.57 144 42871.13 43075.27 0.00 98.07 
















Research objectives and analyses  
 
Research Question  Claims Analysis  Results (Supported/ Not Supported) 
1) Do items distinguish 
between high and low 
levels of depression?  
 If supported, items 
should exhibit scale 
monotonicity 





2) Is the ordering of 
categories accurate? 
 If supported, option 
ordinality within each 
sample should exist 
(i.e. no disordinality)  
 Nominal Response 
Model (NRM) 
 Generalized partial 
credit model 
(GPCM) 
 Not Supported 
Item disordinality occurred in several items 
were large for item #3 in the French 
sample, and items #8 and #9 in the US 
sample. 
3) If the ordering of 
categories is accurate, 
what is the probability 
of endorsement for 
each? 
 To identify consistent 
scale usage within 
each group. 





 Revised scales 
Combined last two categories of each item 
for the French sample and ordinality was 
achieved within model. 
A hybrid model of different combined 
categories for the US sample also achieved 
ordinality. 
4) Are there differences 
in response styles 
among language 
groups for each item 
of the PHQ-9?  
 If supported, observe 
differences in scale 
usage among different 
language groups 
 Generalized partial 
credit model 
(GPCM)  




Language primarily accounted for the 
differences in model fit. 
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